corrections to some data by Rump Tables  and for the Smithsonian Physical Tables, the author had occasion to review critically the experimental work that has been done on the measurement of the total energy in the X-ray continuous spectrum.
There is a surprising range of values obtained in this work. Especi- ally, the recent measurement by Rump (1) \ who used what seems 1 The figures given in parentheses here and throughout the text relate to the list of references given at the end of the paper. (3) . But also the X-ray continuous spectrum is often a very convenient standard source of X-ray energy; for example, it has been used recently by Webster (4) for an estimate of the absolute probability of K emission due to excitation by cathode rays.
Further, it is only recently that a fairly complete conception has been obtained of the variation of X-ray intensity in different directions relative to the cathode stream (5) . Inasmuch as this variation must be known in order to calculate the total energy emitted (which involves an integration over the whole sphere), it is of interest to apply the new results in an attempt to obtain a more satisfactory estimate of efficiency than it has been possible to obtain previously.
For purposes of definition, let a hypothetical X-ray tube be imagined, the electrodes of which are maintained at a constant d. c. potential difference V, and the current i through which is all carried by the cathode rays. Suppose these cathode rays all enter the target at the focal spot without "reflection"; this insures that all the energy of the cathode rays is converted, in the focal spot, either into heat energy or X-ray energy ; that is Vi = H+J (1) where H is the heat energy, and J the X-ray energy, generated per second by the cathode rays within the focal spot in this hypothetical tube.
The quantity J may be divided into several parts. One of these parts, J c , is associated with the energy of the continuous spectrum II. EXPERIMENTAL DIFFICULTIES
LOSSES DUE TO STRAY CATHODE RAYS
In practice, the simple conditions outlined above in connection with the " hypothetical" tube do not hold. With the actual X-ray tube, the cathode rays do not convert all their energy into heat and X rays at the focal spot, but due to a "reflection" (either a single large-angle deflection resulting from a close collision of a cathode ray with an atomic nucleus, or a succession of smaller deflections (6) many of the cathode rays leave the focal spot with a considerable , fraction of their initial energy (7, 8, 9, 10) . These "stray" rays may strike other parts of the tube ( (4) where /(Z,V) is a factor designed to reduce V to a fraction of p which is dependent on the extent of the deflections of the cathode rays. It should be noted now that the greater the total path length oi the cathode rays in the material the more numerous the deflections along the whole path. Accordingly, for very short paths (that is, lor low initial speeds), the rays may be expected to be little deflected, and reach depths approximating p, whereas for long paths the traction pip may be expected to become smaller, since the total number ot deflections along the path has increased. Thus a form^rj^,V) is required which will become unity for very short path lengths and for long paths will gradually approach some other function j(z,,V) i Actually, with the customary arrangement of electrodes, this angle is'Somewhat ;smaller t^. 45°< ™û rcd from the normal to the target face) for, as was pointed out by Webster (4) we have for the mean depth of penetotion
Although the form (7) te-«tt,?r 
where C is constant for any one voltage, but must show some variation with voltage to make this formula consistent with the formula for unresolved intensity T c (12, below^). a is a factor the dependence of which on Z and V will be discussed below; the other quantities have been defined above. This formula is similar to the well-known formula of KulenkampfT (18) except for some modification of the second (and less important) term inside the square brackets. The introduction of the exponential factor is necessary to make the formula fit the | observations in the region near the high frequency limit (13, 9) ; and the ' v Q factor is necessary for a satisfactory description of the experimental results at the higher voltages (9) . Values of the factor a were taken from the curve drawn in Figure 1 A, spectral intensity distribution in the continuous radiation from tungsten at 100 kv, as produced within the anticathode, according to formula (11) . Plotted on a frequency scale, with frequencies expressed in equivalent excitation potentials.
B, intensities outside the anticathode.
C, same after passing through tube walls, etc., equivalent to 1.23 mm aluminum.
The factor g of Figure 3 (full line) is the ratio (area under C)/(area under A). Figure 3 was calculated on the assumption that the intensity I' K of the K characteristic rays obtained in the calorimeter followed the formula
where H is 0.085 if V, V Q , and T K are in the^same units as were used in formula (12 Figure   4 that below 69 kv the agreement with the calculated curve is not nearly so satisfactory as in Figure 3 where V 3 ' 2 was assumed, and that also in Figure 4 Figure 5 is identical with Figure 3 ; the other curves However, due to the minor importance of the correction, the variation may be guided with sufficient accuracy for present purposes by the author's work on copper (9) , and a more satisfactory correction can be made directly data on tungsten become available.
At 40 kv, the highest voltage at which the above-mentioned work is reliable, the values thus selected for a for^= 36°, 90°, and 144°( iA being the angle between cathode beam and measured X rays) were 0.0030, 0.0024, and -0.0012, respectively ;-these values arc plotted in Figure 7 (crosses). Curve B of Figure 7 was selected for the continuous variation of a with \f/; this selection was partly guided by curve A, which is the variation of intensity with \p (but plotted here with a different zero of intensity) observed by Kulenkampff 859 (23) at 38 kv for a thin target of aluminum (it is indicated in some work by the author (5) Curve D is proportional to sin \f/, and curve C is proportional to the product of sin \p and curve B. These curves will be of use below.
VI. EFFICIENCY OF X-RAY PRODUCTION
If X-ray intensity were independent of the direction of emission, and if there were no complications due to reflection of cathode rays from the focal spot, the efficiency of production of continuous spectrum X rays would be calculable directly from formula (12) as follows:
The total amount of continuous spectrum X-ray energy given out over the whole sphere would be The ratio of these two quantities may be termed the "apparent efficiency" for the continuous radiation; that is, Apparent efficiency =-540 X 10" 6 V* ... (Z = 74); (40 ib<V<150 kv) (14) this is the quantity which is of importance in practical work, since it is a measure of the intensity obtainable for the experimental arrangement which is usually used.
The quantity of importance theoretically, in that it is a measure of the amount of continuous spectrum energy (J c ) radiated in all directions in the hypothetical tube described in Section /, may be called the " true efficiency " (E c ) ; this has been denned above as JJVi.
It is E c which should be compared with calculations such as those of Kramers (3) and NeunhofTer (24) . To obtain E c two further corrections are necessary: (1) Integration of intensities for all directions, and (2) allowance for reflection of cathode rays at the target face.
On account of the small magnitude of each of the corrections, the order of making them is inconsequential.
The integration for the various directions may be carried out according to the formula VrM) sin*<fy (15) where the factor sin \j/ is introduced on account of the fact that F c is an intensity per unit solid angle instead of a quantity of energy per unit At/'. Now F c (\f/) may be regarded as being composed of two parts, Fa and F c2 , which correspond to the two terms on the righthand side of formula (11) ; that is F^CZ^-v)
(Primed quantities are used in order to be consistent with the definitions in Section II, in which energies associated with the focal spot were denoted by primed quantities.) According to Section V, rcl does not vary with \j/, but I' c2 does on account of the variation of a with xp. Accordingly, the integral (15) becomes F cl fsin^+ fKa sin^# = 2J' cl + J F c2 sin fdf (16) Now the calculation of the apparent efficiency (formula (14) ) was really equivalent to integrating equation (16) with a constant value of F c2 equal to the value (F ' c2 )9o°o bserved for this quantity at = 90°; the integral would then turn out to be 2/' cl + 2(/' c2 ) 90° (17) and the factor by which the apparent efficiency must be corrected to allow for the variation of intensity with yp is the ratio (16) to (17) .
In evaluating this ratio, it may be noted that I' c il(I' a)w o may be obtained from an integration of formula (11) , and that 2 (J'^o I' c2 sin ipd-ty is the ratio of areas under curves D and C of Figure   7 .
It turns out that the correction factor for 40 kv is 0.91. Finally we consider the correction for reflection of cathode ra} r s from the target face. Unfortunately, this effect has been only incompletely investigated, and apparently the best that can be done as a correction for the effect is to suppose, as Rump did, that 20 per cent of the total X-ray energy becomes " off-focus" radiation. Coolidge (7) has estimated the amount of radiation coming from the back of the target to be about one-ninth of the radiation from the focal spot, and allowing for both front and back of target and stem, this seems a reasonable correction. Thus we find the efficiency E c of production of continuous spectrum X rays in tungsten at 40 kv to Supposing it to increase proportional to V 2 , making the efficiency proportional to V, and assuming E c proportional to Z (as is usually accepted), we should have for the efficiency, using the value just found at 40 kv to determine the constant, E C =13X10-7 ZV (18) where V is in kilovolts. Rump's value (1) for the constant in this formula was about 15X10"
Kulenkampff's values (2) (2) of Ulrey's with Kaye's (27) b has not yet been observed directly for these elements.
The relation between X-ray intensities and the quantity b also has application to the anomaly mentioned above (Sec. II, 3) with regard to the observations of Webster and Hennings on the effective depth of production (x) of continuous spectrum X rays. Their method depends on the measurement of the discontinuity in the continuous spectrum from an anticathode, the discontinuity being observed at a critical absorption frequency (v a ) of the target material. As they pointed out, in order to deduce x, it must be assumed that the continuous spectrum as emitted has no discontinuity at v a \ that is, that the entire observed discontinuity must be due to the absorption of the rays in their path through the target material. Now there are several conceivable ways of producing just such a discontinuity prior to the absorption along the path: One possibility is a process (somewhat similar to Auger's compound photoelectric effect (28) with fluorescent rays) in which the continuous spectrum quanta may have an especially high probability of being absorbed in the atoms within which they are produced. Another possibility is that b may undergo a sudden change for cathode ray speeds which will just excite frequency v"; Schonland (29) Figure 3 were corrected on this basis, the observations would more closely parallel the calculated curve than they do at present. This small correction has, as a matter of fact, already been applied to the numerical results above involving low voltages (equations (12) , (14), (18)), and the value of E c for 40 kv.
• At 40 kv g ( fig. 3) (20) Thus the correction factor by which an observed point ( fig. 3 ) at 40 kv should be nniltipln-l la the raii.. 0< (20) to (19) , which turns out to be 0.954. (11) ) is given which describes the spectral intensity distribution in the general radiation emitted at an angle (i/0 of 90°from the direction of the cathode stream. 4 . Calculations based on some experimental work by Rump lead to the conclusion that, between 40 and 150 kv. and for^= 90°, the unresolved intensity in the general radiation generated inside a tungsten anticathode is proportional to the 3/2 power of the voltage (V) instead of to V 2 as has usually been assumed (formula (12) ). 5 . A basis for estimating absolute intensities and spectral intensity distributions for any value of \p is provided ( fig. 7 ). 6 . The intensity of the K characteristic radiation obtainable from tungsten at voltages up to 150 kv is described quantitatively (formula (13) ). 7 . Formulas (2) , (11) , (12) , and (13) , together with Figure 7 provide a means for describing quantitatively the absolute intensity and spectral intensity distribution (including in the case of tungsten the proportion of K characteristic rays) of the continuous radiation for any direction (\p) obtainable from an X-ray tube under a wide range of practical conditions. 8 9. The bearing of the Thomson-Whiddington constant on the generation of X-ray energy is pointed out, and its application made to the explanation of some results by Ulrey which indicated that X-ray efficiency showed a periodic variation with atomic number.
The following tabulation may be of interest for purposes of illustration and numerical comparisons: 7 There remains an apparent minor difficulty in this connection: Formula (11) (spectral intensity distri bution) was derived (13, 9) from data of the isochromat type assuming the V 2 law for unresolved intensity. Consequently, a discrepancy appears when a VW law is found above (formula (12) ). However, itmay be recalled that in the derivation of formula (11) an approximation was made (neglect of a term corresponding to the exponential term of formula (11) 
